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INTERFEROMETRIC DETERMINATIONS OF
I-' ASTEROID DIAMETERS3

__ ~S. 11. WORI)LN
Sacramntoi Peak ObserrirY

A prumnising IEarth-based :thniqiu' fiir ,lirecilv eteerminilkg
dianw!!r of asteroids is based on new dvvvlaliqeitl:,i in iiiterferotiIel'.
Until 19!~73 application of inIerfi~roine'ri e tciiqu.% it, dsteraids wavs
In ifed io lte veiry brightest ohfra-s hr *he lo xcnslivij'lt of atlailubke

defeceors. Results have beet: puhlislwd ontr jor 1atlas and vesia.
lltu'ver. inodern pholorlectric drivehorx art- Iun%% leiig uve! in these
obIscriatins and diameter measurentenlx fora 11010 her of minor planets
weill' he jnrtIrotning.

Thec resulltitn (if optical leses is dscli. gvith t a I~ egli
criterion~ and is inversely piopurtional to the tedescove diatneler. I lowever. as
is W,,1t known. turbutence in the earth's atinosphere or "steine' degrades
virtiy -111 Ielcscopc images to abotut one :ircsec. Since the largest astcroid
'It-tilat dliamieters are about 0.5 are wcc. coiventioni.11 telescope iniates are
limtited for lnasuiing asteroid siv&5 Cand shapes. In pi ifleiple. leICccol)Cs of 4-.
meter diaritter nott limited by seeing could obtain amigimlar tesi)IutiOn of 0.02
aicsec. tran~slatinig into about 30-kin resoluition in ilhe uActroid belt.

Recent tachtuiqucs, speckle and iniplitude ifltcifertitnetry (or single
aperiture inter fatoretry) offer grcat litrise for wteiiing lte degrading
effects-of the-atmosphere. tuterferinctry was lirst eomployed it, niastirc thme
diameter of the asteroid Vest a by ittay in about 181111 (wee tollfus 1971). In
1977 Vesta and Pallas were i-bservcd by WVorden ct a. (0977) and later by
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120 S. P'. WORIDlN

W'n denl all Steini (Vl)71)) usilg speckle interiferoinetry, hilt extension of this
wo,,. it) fainter asteroitk hias been hindered by tile low sensitivity of available - -__

detectors. Withi suitable application tif thcse methiods it now appears possible__
it) diteetly im're atngulatr sizes and even proiduce images for several

hundeds f th lager asteroids. fin this chapter I discuss the limited work

alreadiy done onl ameforid.. with speckle inmerferomnetry and morec extensive
wink itt progims ito apply single aperture interferotnetry to astemid studies.

1. SP'E XLE INTIIurR(ME]R

Small-scale temnperattie inhoalaiteities ill thc Cearill's atmosphere-
ln111loce ci mnes ill lte inidex ot refraction. These. fatv ne hne
cause phase delays along an1 inicomting plane wave. Wvhich mlay he light front a
Smelljr point source. This is repesentcd s-0cmatically in Fig. I. Without phase
eirors. optical systems pstoduce lte itmge shown in Fig. IA, which is said to
lie "diffraction limited.- where aint orc image is the classical Airy disk
Co r am circillir telescope apesjture. 'lme size oif this image is inversely
liroportiomal to lte telescope -diameter. -ith- any phase errors telescope
mesolutionl is degradedt to) that a:mppropiate for an optical systemn only as large
as lte scale over which there is some phamsc coherence (i.e., the phase is the
%amce). Since thle atnmu'sphere breaks an incoming plane wave into about 10-can
fmagtmntt. all tclecopes10 produce imamges with imesolution no better thaln thmat
41t'a -in 0cmttls-cople. m10 one :trcw.c. Thmis p:t "eest K~ Shown in Fig. Ift.

Laheyic t. 1970) proplosed a inctlmod ito recover some information down
to large telescope diffiactiomt limits. lie pointed out-tharvshort-exposurc (At
0.01 see) phtillos "fiee- lte turbulence it, the atmiosphere. Although thle
phase coherence si/t' it thtis 'irozen' system is stil' only 10 cm, there will be __

somte 10-cm paiclte~ scattered over lte entire aperture wvhich are at the same
phase. thlese poritionts act ini Concert as a fori of "multiple" aperture
interfetomneter which provides-somec inifornmation down to thle diffraction
limit of lte enfire telescope aperiture. As shown in Figure I(., thle imlage of a
point source sceen throtiolh a multiple-aperture interferomemler is a series of
tic-idy diffrimction-litniit images modtulated by a one arcscr seeing disk. This

prcs is known as "speckle interfctonietry- since ltme short-exposure
photos, as shown in Fig. 2. look like laser speckle phmotos.

It. AMPLITUD)E INTERFERONIETRY

Ali alternate approach to stellar inter ferotnet ry, suggested by Currie
(1967) and Conic el at. (1974), is similar -to- Michelson intcrferometry.
Known as "amplitu tint cuwr. hs eliu~me- device like that
shown in F~ig. 31. Thme individual collect ion aperttures -arc -smaller timn lte
10-cut coherience leng~th in order ito redtuce the-correction lue to atmospheici
degradlatimi to a negligible level. As t~m tmslecit~uae-he relativc - __
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pi'.~ ~ct htsfonIK1itP&. isae n a tsbuarcscc in
V~c~tciL (A) ( Oritini. a rtzmilvett -cupcfgiat slt. (It) y oii- a puinl-3oIrcc slt. and

(u Auti'Ae, a hinatV stat %%ill% 0.O5*at~cv -eparaii)i.

phase Alihts hclweeil ttie-A, two aper1Lars.-tecoherence properties (and thtus
angular size) of lte tobject~ as it uppears- outsid. lte atiosphere can he
le-ared. To obtain compkwc twro-dinitiionaI sime -and shape in:frmationi the
obseiver varies tile septaration and position atil for the two apertures. Curric
ltas proposed and bul nhil-prueamplitude inwerfcroilcter systcem.
that allows ilic full telCSCojh- i peturc-to beceredi simultaneously and all
Fourier comiponents sampled stiuharcotisly. 'fhe etffictey of Such a system

-- should be comparable I t a .,pccklc irtterfero:,cwtrv wtc.

-~fit. D)ATA RECORI)ING SY4;1'.IS
ANt) DATA REDUCTON TEiCHNIQUES

A diagram of tltclKitt lPeak phortogralihic;spcckle inier feronicter is shown
in1  111.4 lcre arc aliott si,. siiat svs~cemli in it,. at the present time. The -

ciiP ak cra was designed by ILynds flynds ai ai IN.6 llrcckintigel

-TELE59M GUIDE

EAOJCVOCe DETECTO

*-gZ 3 iranr iri\.nltd iifeOWMAtOR.

AM"

__ -=---- ----- -- ~ MAU-
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KITT PEAK

PHOTOGRAPHIC SPECKLE APPARATUS

WUAGE TI*(
raw. tAL-Mm0)U.

PMM AGNENT i. I

I -

- t ctI Ol1

lI I.r 4. Dialrtans of-Lynd.s" .pe -te initefromtctcf.

at. !Q}78). As shown ill tile figlUi, light flotin tile thopapsses through a1

shutter anid focuses at the telm.-op image plane. VHie .shutlet is nece.ssaty to
insure exposures shorter than ilia atmlimphlitc change lttule. typically 20
inc. Thie ielccore inig is telayed ;wid magnified bly a mnicroiscope

otbjecti:.2. 'te magnification iss.me to proivide a pixel resoluion owt-mnplhaig
tie telesopc diffraction Spot si/e by at least : filcir -if four. I-ofr th~e Kitt
Peak 4-milleh..mope, this i tltvies a final limage sal!.; tft 0.1 ar"cicml.

Atnlttphlemt dispersionl bhuts speckle imtage pattciti., in11C senset~l. that tile
"led-" pontioln of" tile itagC focnm$w aasightly different plmlt thain the

*'blue" potiion. Since this inay ble significant for even 200 A bandpass
ph'ot-is. ai set of rotating-at slei-:niinaig prisms is it. udd to
co-unteract the disision. Sinice there --re .l at 20orders of optical
ieteitce acrossl a speckle phodl,. a nattiow band (!z: "-100,11) interferecec

filtcl 1% used lit) pir. em caillicttnce aci'tt!.S 1thC entilc .slvtcklc phltot. If this
were nt included. file -'speckles'" vicar the e~dge of the photo5 would be
eloopiaed. A tllree-stage image tube intensities [lie ituage enoughl to allow

phl1OZraplti¢ d313 ticntding. A itansfer lens r'elays tile inteis~ifieti image it) a

data iecording sy'stem, in thtis case a 35.rain inm camera.
The speckle. photos in F~ig. 2 were taken withi the Kitt Peak system. "lice

different chiaracter or the - phluts is readily appairent. This is understandable
from the analogy to a amtlliple-aperturc iuterferomleter. elh speckle should
be a diffraction-litnited image of the object. Indeed. lte binaty star (ai Aur)

s peckles are double. the point-smiutc speckles roughly diffr'action spl,, and
the resolve.d star (at i) sic)k-e somewhat laiger. Tils aspe~ct led Lynds el aLt.
tit a direct speckle imiage teconstntction scheme whe:reby 0individual speckle.-

-were Identified and co-atddcd to produce a nearly diffraction-liifited imiage

rim-_
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lut the speCial f s ltrs lRe rf Gdi. I_
A numnber of mnethods exist -to reduce speckle interferometiy data.- _

Lubvytie's (I1970)-original iticiliud is widely ivsed, in 4ul ticilar for binary star
measuremlents. inldividual speCkl I'lltotg -re Fourier transformecd eithecr
oplicAly or digitally and the Fourier modulus computed. If file speckle inlagc 1
is ieprescnted in one; dimension as i~x). anid its transform as I(S). tbis process
is mnatlivinatically icptesentcd bly

Thec modulus or power spectruimn. IiS)!2-, Atls trallsforitl containsfihe ___

diftramction-liniaed informnationt in an casilv extractable fixi. In thle case of
the binaries. power spectra Mhow -handintg which represents thc binary
Neparation: tile wider the b'ands ate apait. tile closer the binary Separation.
Ill- ,.:ieniation of these: hands ieptesmi~s the-lpo-sition angle of tile binary
wSvm t.

The gesidual effect-. or the -ccinge mxum be remnovcc to yield the nlaximumn
accuxracy. IEvel, though1 tile han~ds (-fringes) are readily visible in raw specklc
piower s;peetra. thecir spacin- is affcced by the rcsiduai Seeing effects.
LUlsevrics nethodrives-observat ion of point-somrce stars tit deternmie these
sceine effects and temnv themn. If 11,4(x) a-rc point-source speckle photos with
a mtneamb powem specrm~ <IPIYl>N at <11(S)12> tile meian power Spectrum
Aof theC object photos iA.r). then tile diffraction-lintitcd powe spxctrinu of tile
object is givven by 1(1>(2

<lVtS)12>

ilin:-sdxmrce (13ta axe 1usxmillv derived from speckle observations of
poLitt-siturce stats situatedl neatr I1li rigratll objects on time sky. Since thes
point-source ohjccts lie not in genesal observed within the me isopianatic

-engc and ziot ;it tile mane ltle. thecir-pttwer spectrunt cap only represent the
residual N-Mi ef;ft it) -1 Statistical sense-

Woiiden ct at. (101,71 imai devcloped a mnethod to calibrate for residual
seeing effects nim -ttle vet of speckle phoutos as us~ed to Study tile

1111graiax objects. We illmsmate this nitlod ill Fig. 5. 111C methodl proceeds a%
folows: tile ma toxrltinfunction of a series of speckle. 4,(x) photo%
icomnited:

> 4 xo tx dx
(3)

< <ix) ~x) >.

(The mitocortehatiou isfthe ioztdet tansforni of tile power Spectrum: see __

Biracewell l965 fin tietail-I As we %c it j: thme metan an itocorielatmions are

cN
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dominated by the secin background. This b~ack- ond may he :icc rtiy
semove'd by cotuputing andi suhtracting the inat 1us0'rc1tiinIem
Conectiiw speckle 11itutos I! -lte Namte set tit' data IISC t4) compate lite
..utocozreiation. Tile cross-correlation (XC) between thu Pt" andi ill' + I
speckle photo is givcn by

<XC(Ltx)> < f 4j(x) ij (x.A)dx >

(4)

Welter and Wordeti (1978) showed that the resulting subltactiun is the object
autucorrelation as it -Would upjear with virtually-all eitig effects removed.
Ihs diffraction-iiied"- autttciirrelatioti cotnus infortmation on such
quantities as angular diamelt in easily -extraCtable fim). Var examiple, time
anmgular diamieter of an asltroid is simpily tlme distance between tim.
allotirelaition tuaxilmun atnd the point whewe the atocrrelatimi fulls to
Zero.
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Ciicat jilititig.aplaic Nieckli: caiieta: ailenerally limiitd to objects
htilitcr titan +7 maec The pliotogtaphic tecordimogsysteols are therefore being
replaced with, lu1,t -quantumn eflrccicy di ital recording systems. The
U.nivc rsitv (4l Ari.'oia-speckle camners -uses- -;Cargc Injected- Device (CID)
television, systan two r 6ph otP.iis. This-systemt simply replaces tile
phtog(raiphic clnuilsimi .iidit-cfn rord At for-objetcts faint enough so
that only a few photons arrive in a MOisqc: expiosure. Iig. 6 esowdt
front Ithis systemt-for Satuorn s moon.1Rhsa-i wluh is a lOtl- nntitude object.
iThe limlitinig-r-cqulicn~it btr tiifllsmethod as that at lest two photons lie in

lte s:ame1 spyckle. If -we riot record- 6%1o photons"pe frame in a '20.musec:
C.\Posutrc inl sonme of the 1frames these two photons will lie in the same speckle[
and contribte-to our-dfr~lnlmtdsn T1Is -transates to Ibout a+ 16
stellar magdtude limit. -Although -angula4r -daaiicters arc more difficult to
deuivc: titan-- binary separitions. we c- r-usedithis _systcm to derive angular
diameters for a 10.5-mainitmide object (lapetus)Paccurate to t 5% With less -
titan ive mninutes total observing lttle.

Tile mplitude interferometer- oNtains-Iie- hight angular resolution
inforinatioii in-a somewhamt different-fashiion than thle speckle intcrferoimeter.LIII this case, the lost issatpledatilhe cnrtoc aperture of thle telescope,
where tile effct of tile atmospliwre-has hcen to-introduce only an error in the
Phiae ddlay' 'i lie tIk~ht flum -twn4-aaeapertuares on opposite sides of thle
tlimcoix ik themi iilttfrtr netricilly-ctnibined. as shownv in Fig. 3.

lit order tit Periltit thle observation oIr fainter objects, we wish tot
sill-illcnously use al1lte li.Oht entering thle telescope aperture. i.e.. tile data
froti moanly tluinds of pairs of aprtures (a Multiple Aperture Amplitude
lntcerferonicter 'r N;IAAI). IThis many be- done by replacing each of the two
plitluniliplieis With a *tekevisioii catilera in which ech resolution element

at sa scilmate channel i~itliom er
Results till solar systemn objects have becn limited, largely due to tile

bright limnitinig magenitude of existing photographic speckle systems and
amplittude interfcronieicrs. With thle advent of efficient phiotoelctric and
tclevisioni systctn this itiatioai is chaiiging. Table I lists data publishedi on

tile asteroids Vesta and Ptallas (Wordeci e aL 1977: Worden and Steinl 1978).U
lit ilms diametler determ~inations, circulat objects. uniformn aliedo, and no
limb darkening have been assunied. With a photographic limitin anitude
of +7, Vesta and P'all.s at the only asictoids which htave beenm observable soI
far. Amuplitude intcrferomneiry htas had an even more stringent Ulmit. about +3
tuag. I note that the speckle: results for Vesta mnatch tihr values for that
asteroid's diameter vetv well. although t'allas' diaineter is about 25% larger
thtan the accurate occultation results for this object (Ovassrilnat i 1AL 1979:.
sec the chapter by Millis aiit Elliott). However as alluded to earlier.
photoeletric systemns now make it possible tot observe objects as faint asQ
stellar muagiid +16. 7

We have used a 11ootypeIc levision system (Striltnatter and WVoolf
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IDiamier% of Suilar Syms.,i Objects~ firomi Sleckle !itceriolwrv

DWuc Anjgaatr 1)ialicettr l)i~iMeCI

1e. 1), c. 1.400) 0.0.1 5i I 3 it
Vct F~ell 77 0.470 1 ) ON)55 23

3~ 1:01 77 0.730 0..) 673. 5i
I~1i ~ I I Ap~r 7H 0 23 Ij.Ot$ 1 ~ 40(

17 Apt 78 (.M S9 t it.()- I 1 :00 1 3

-47~ on Stcuad(Thscrvatomy\ 2.3-in icleseope tto oh'".ive Satal' %ail ,ie'
fthIC~i f-9.3 ag) land hs1)eI1I' (.-I0.5 w-w-I. at'~ C' I~c:

p1Ioto!i-pl I tzun this -.vtcitt brl Mica~: inlil o, tI'lauoa 7velits ate ret:.dilv
:tppale-it. ilc:angua~r diamclci% of, these ol ect% a, listed iii Tabhle 1. '1 iaec

.eusmatch lunar occuliation vaiue.s quite vvel t I'Mioi e ca. 19)75). A systcm
developed by lokscubibca lte Uiniversity College London has been lused lo

j*6- Slict-kle datj ot:ned lUitti I A1ei1 cuna111, Im 'ii. ieiiied

__ j



v c.clv dhe vat: :,H D 1avid.- a:md -111 I Lu sus 'niai: :11 t mllar

Jm 1leit11.5 an:d -' 12. Aepst~ly. AhsizA these tesults haIve lng been:
:lccint:tldv 'Ciji:ICl vet. the ::ati' (if tile two .,bjects diletctl of aboumt 3.
tern': mj b., ihe! iieti:si f. wS itrled.

I lie :tcctaaae zepo: ted ill Table I eceet file lelescopei diffzactioll lilmits
oy :a Do:ojcatfet,- tile tplo..t. eafeurs .1h; hasd on diantezler

Jctelizljsm:atjINa "mill ilit~ckidptl %tilti o~f the da!:. The diaucicts
l:Iim&1w' ale 1derived 1% llv lvltiZ ivn u'o (tlt1a lo asteanid profles~ %vith

P.-Wil o ie VCkle dala aubtfained aot if: --.:tii ltle until a best match with:

Vi, itern~al eaa,'r have be4-:, litied in fltik maicnr fil objects close to !Le I
difulfl liflht ill Sjim (l.~ordeli 1I17jv and aiiiez fur objects coniderably
Ntlitltet. that: dlie dirhction: limt aic accurate to + 3mYr,7vWordesi I') iisezt
hight s'reciinzs losiiw (Hirctly frin tile fact thiat life 1hlf widthl of Cussiaa
-t .tltw, -imil:,r iolite m~ay lie detcrmnil -.cry accurately. As di.used by

%V'oident I 19%). this acefar::e is congiaacJbi~dv greater than like telescople
i uhat,1'I i l itii. 1" 1is lit a lbtef is somcwl far allah mots to lte ability uf st elbar

*s:.ntt lo toilcseasie stat positiot% fit florc accurately thatn tile half1 T
Width oif :1 msihl dcizt sk.A

'litec ale. litswevea. so~urces of' %ystemttC error in jntcgferuanctric
asteroid ijlitd. lii au tlttll Of3 unif imn aibed . fil limb daikening and

spilcttape. anung the intst- sedotis. 4asrd~ou;.oir stellar speckle
re-smahi-.(Welter atEWorden -1979'A-up to2a7NY, iftire-o inangilar dix-icter
siills fromn _w fully fiiml'dakeitAe duka coilaredil-ai unlifilrm disk.M

pl-lm-imb daikening- i4isLtbvvnlkl. Indeed. is hwnby fei ll
and- lbats ( 197(s) litib .larkeiia nuay Abe 2 free -parinmeter t bc fit inl lte
diaailelcr litfting rcdi c~rhdaoe v~ ac'arate enioughl speckle
datat. -n a: sitilir fntrevo4the1 miletcs- sch_ as-clonwwtd-sltaii my Ile
fit. O uiainrslsfr'Aloza sU-1uiv soe lomption so it will be necessary
is-rutnc wokto ctinmjdei thIe effects- of -parame'ers other- thall Uniform distk

dia~tetw Unil- e -huvepeefeue tfe xi. antod nterfictric diaieters
lepieseizt oalv-thei diametler of a tmiffrifi-Sjihele wi 1 woulld prodlucc file
!.itle ligh~t 3%-lhe :ssietiliaip obwevd 1mt acetraces rcoejrd therefolre
sefer ti,4!!!! ability tol dticiue this useful. but not contpicte paranctcr. To
f~ulls'% aec rror~i caused Ili; tic. asstimpt ion-w utiainately-rcquirc actual igJi
yes-Ah1imal ittigs of e.wcil amseruid beinig sudicd

Ilie -cilti new- po.'"Itiility omf actual icconmtuctcd imim-es for asteruids A
ail)ieals t lie withiul 'tr Dip. lheiotis fior seducin- data-dixscsed aboive
prouce onlyk a pivcr s.pcctrn,:or Fotier aniplitude of lte tituc imlape.
Alltr~Au Ai/c ani -slalw, may -lc- derlived froul the Fouricr amlplitulde, lte
Folurier phase is nlecled to ree',lstudw actual inlaeS.-Several scmes have
beent doveloplctd li, e"tiil.1C tIn: 141aWe. (hates 0179: adwin aud Warner
1978) lite fiing plromi%ime hauving recently heri etiliooie by Ficuip (1978).



witedici the tesutdtm.. ilnm:e o-, vl all~n and. td ~Iasj.Ii~u~ he
~ihec hs adiniiic iaiiam 1 fi~i %.ine). We l1i1c ltc~d tim -moltlz

telescope. atlC Sj)ft?1tu-l) Cllite ir:'ng I'I.t'fa~i Vcsi ttll dsair ot 10

U le~ki'lion clietts. lif Icz;1i i:IV ar i~s;.11 .-w II~ Fig- tile NirISI
dijnctel. Tis s 's:,..,sN11ce tile~ .ialuel 14; :1 I'zcc l~~~~
iiup's mselhod ai it is aIpIIlii iicte. I heIalk nie i Isc in tis iag llI15, #~_

lifedt~f -CVCzaL- :WS --I tz 3t.1 t .l. i;ZI tiVC :fliIltllcs. WVc -1V HAPS '613ta.-C
%!tIIt-tII:c im.:tisass thss:. .11111-11---h I11II 1% IIRS a strissschII I,;uill WC dt) see :1

doiU wi~!jltita iuth !!IV :!,,I% Auting 4IuIt i,iliu azuic I '*4' wc'ati*c t)

-fi le diatuieter ta!11" !14.311 ".C fii~~t Shoc% sIt1 e cCItli- I tc a..

LI.U2. ihc 1ze.Ililv (it ;hIl. C41,"l.as.I: I% *pcn Its quesiIzssn s;aiue!
seuius(ii el A. 0' 7 8 imdui.:' Vesta is sjliccL. Muacuver. h'Iil thi:

dolIvLL ait massun is 2(y;. t'the. Speckle ' r-; firo, K~ill Peak tiftep show,. -:p
it :1 10,- dowutioin. We.t ;zU!sI IaCI.ClsIeCu IIiiii ill* ;I .1 a ru

Ai inole l krvwsrns~u~e ~zi ~c promlisinusli io :e l i IIICIIU'IIelit: a11ithi is thc puuissiluhav tur

I -. 7. Rccei-mctueJ IauIc fin Vcwviue 1a.I 3 I uIni,~ 117-1 4.1; id.; P*C-k j

i4ata. Tu SIC ,sid %IrtI i nA: 11 ~.4- I gui.%I

MM
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I ~~detectintg clo,, ;ctioid Ixtiti. Ilinm slai speckle has, already been

dc'tlult'.0lrlted.l6 obicts :i\ f6l11 :is + 12 III!g by' OUl gillp at tie Uiiversity
of" Atizollti. It Ilay tilLCo(ce hle possible i detect aseClid satellites using
itihti Icronit'ri H WIL'hItl'u alld woitk is now un11derwav Co accopilish this.

"'iTie are sevelal ]iil a liolih h t hfrulle)li C ltomthods. Tite +i6.1maU
llimu ik sel by th requiellinaill [" al lasti two piololls per lame ill a 0.01 -sec

cixpos.-m . Tll make Hicielcronietrie mclh hod wotk at all. light fronm all points
of ile" objeclt u1111 p:ass ilughl tile Samie colhinini of ltirbulent atnmosphere.
This i. called tile "isuplaitic" iCrlteililteitlt, and it las eeitn measured to be

---=tit 3- za e. Coniiqtmetly. astelmid studics shtould not he :iffected by
ist'll:inia llioh t.lU. ioil' ci ilically . tie \Vorden et al, (I977) cotielation i
-:icilnod hagilS thilk down Whll objeCs appioach tile seeing linil, I

C arose. , iS IIv ielp explain tile discrepancy between speckle diameters for
P.lla:s -and othe'l valts. -ice P:allas was abomt 0.7 arcsec in dmuiioter when
l~~tb.,erved.
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